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Sok!iHm’EcTsOF GUTTERIUKE-EOLUJ!SIZMENSIONS

ON COMBUSTION-CH4MBERPERF(IRMANCE

OF 20-n’?cHRAM J’Er

By FreclA. Wiloox,EugenePerohonok,ena GeorgeWisbnek

The operationalcharacteristics& a 20-tnchram set with four
lfferentgutter-gridflameholaerhana a three-gutterflme holaer
with an adJuatablegutteranglehave been investigate in the NACA
Clevelandaltituaewins tunnel. Ccmqw5sons of the flaneholaers
were made on the basis“ofoperatingrangesof fuel-airratio,
canbuation-cheniber-inletvelooity,ana the ocmbustion efficiencies
obtainable.The stabilityof ccmbuationwith eachfMe holaeris
aiscuaae,d.

b
The best over-alloperationwas obtainedwith a standardgutter-

gritl flame holder,whichwas operateaat a msximumounbustion-
chember-inletvelooityof 201 feet per seoond. Thta maximumvelocity
was attatnedwith a 17-inoh-dimeter e-uat nozzleat an inlet-airb
temperatureaf 20°F and a fuel-airratioof 0.038. The correspon&-
ing combustionefficiencywas 50 percent. At a combuation-ohtier-
inletvelooityof 155 feet per seconawith the same nozzleana inlet-
air temperature,this flmneholaergave combustioneffiolenoiesof
approximately75 percent. A double-scale-typegutter-griaflame
holdergave high ccmbuationefficiencyat low combustion4uxnber-
inletvelocitiesbut woultlnot operateat codmation-ohamber-hlet
velocitiesabove150 feet per seoond.

Combuatlonefficiencywas plottedas a function& Rewohls
numberfor the standard,the double-scale,and the three-gz@er -
scale gutter-gridflame holders. Littlescatterin thesedatawas
obtainedfor narrowrangesof fuel-airratioand oanbustion-
chember-inletpressure.

The resultsobtaineclwith an adjuatablethree-gutterflame
holaershow that a variationof gutteranglefrom 250 to 53° had

●

littleeffecton conibuationeffioiency. The minimumblookingarea
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of the flameholderrequiredfor chokingav the exhaustnozzlefor
the conditionsof operationand engineconfigurationat whiohthese
experimentswere conductedappearsto be approximately50 percent.

3XTRODXX!ION

NACA
Investigationsof a20-inch ram jetwere conductedin the
Clevelandaltitudewind tunnelwith a three-Vflameholder

(references1 end 2) and with a flameholderconsistingaf’a grid
of V-shapedgutters(reference3). The three-Vflame holderwaa
operatedover a rangect fuel-airratiosfrom approximately0.040
to 0.098at ram-pressureratioscorrespondingto flightMach num-
bers up to 1.26. The flameholderconsistingof a grid of V-shaped
gutters,whichwill hereinafterbe designateda gutter-gridflame
holder,was operatedover a range of fuel-airratiosfrom approxi-
mately0.042to 0.051at ram-pressureratioscorrespondingto
flightMachnumbersup to 1.84.

Subsequentinvestigationshave been conductedin the Cleveland
altitudewind tumel with severalversionsof these two flame
holdersin orderto obtainaflame hold& thatwould operateover
widerrangesof fuel-airratiowith hi@ combustionefficiencies
at high ccmibustion-chember-inletvelocities.Two M the.gutter-
gridflameholdersInvestigatedhave approximatelythe seineblock- .
ing areaaa the flameholderused in reference3, whichwill be
designatedthe standardgutter-gridflameholder,but the gutters
are largerin one and smallerIn the other. The thirdgutter-grid
flameholderhas the sameguttersizebut has greaterspacebetween
the gridsthanthe standardgutter-gridflameholder. A three-
gutterflameholdersimilarto the three-Vflameholderused in
references1 and 2 was also studied. The blockingarea of this
flameholdercouldbe varieafrom 14 to 59.5percent~f the
combusticm-chamberfrontalarea duringoperationby varyingthe
anglebetweenthe sidesof the guttersfrom 0° to 53°.

A canperisonof the performanceand operationalcharacter-
isticsof the flameholaersinvestigateis presentedherein. Each
flameholiierwas operatedoverthe operablerange of fuel-alrratio
and combustion-chamber-inletpressureat the tunnel~essure altit-
udes obtainable.

APPARATUSAND PRocmJRE

The installationcd the 20-inchram jet in
tunnel(fig.1) was similarto the installation

the altitudewind
reported in

-mm33&L
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reference3. Dry refrigeratedair at 20°F i20° was suppliedto
the rem jet throu@ a pipefrom the wind-tunnelinlet-airduct.
This air was throttledfrcm sea-levelpressureto givetotalpres-
suresat the diffuserinletthat correspondedto the desired
e@ivalent free-streamMaoh numbersat variouspressurealtitude~
The rem jet exhausteddirectlyintothe wind-tunneltest section.
A lab~inth slip jointbetweenthe inlet-airduct and the dM-
fuser inletpermittedfree movementof the model and the measure-
ment of thrustby the tunnelbalancesystem.

The methodof investigationrequiredonlya subsonicUffuser
on the ram jet. This diffuserhad an 8° includedangle,a 14-inch-
diameterInlet,and a 20-inch-dismeterotilet. A corrugatedInconel
shellwas seem-weldedaroundthe 20-inch-dismetercanbustionchamber
and the exhaustnozzles. Coolingwaterwaa circulat+ throu@ the
cOrrugations●

A 5-footcombustionchamberwas used with the gutter-grid
flameholders. A 2-footehust nozzlewith a 17- or 15-inch-
dismeteroutletccmpletedthe engine. The combustionC-her was
lengthenedto 8 feet duringstudies& the adjustablethree-gutter
flameholder. The additionalsection(fig.2(a)) contained a

water-coolednozzleplug thatwaa ~ inchesin di~ter at the

largestsection. An e-ust nozzlewith a 17~-inch-diameteroutlet

was used.with the nozzleplug (fig.2(b)). The nozzle+utlet area
waa 1.335squarefeet,the equivalentaf a circularnozzle

l% inchesin diameter.

M adjustablefuel injectorwas used in this investigation
(fig.3). The injectorconsistedat’six pairsof concentrictubes
arrangedin en 80° V patternand was desi@ed to give reasonably
uniformfuel dfstribution acrossthe cliffuser inlet. The outer
tubeswere fixedand containeda totalof 144 drillorifices of
0.028-inchdiameterazmnged in 36 groupsof four. The inner tubes
were ad@stable with respectto the outer tubesand centaineda
totalof 36 slots. The positions@ the slotswith respectto the
ortiiceswere staggeredin orderto very the numberof orifices
throughwhichfuel waa injectedfrom 18 to 14A in ei@t equalsteps
by movingthe innertubes.

Uh&ded 62-ootanegasoline(M-F-22) was used and was pre-
heatedto 200°F +10° by the etiernalfuel-preheatingmethodout-
linedin reference2. Fuel-injectorpressuresabovethe fuel-va~r
pressurecouldbe maintainedat the lowestfuel flows requiredby

-.
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varyingthe numberof fuel-lnjectororifices. A fuel-pressure
l~t ~ 110 poundsper squareinchwas imposedby the-fuel-
preheating system.

The gutter-gridflameholdersused in
shownin figure4 and theirdimensionsare

Gutter-~id
flameholder

standard

Three-quarter
stale

Doublescale

1.4 spaced

Gutter
angle
(deg)

30

30

30

30

TABLE I

Gutterwidth
at trailing
edge

(in.)

this investi.gatkm
listedIn table1.

exe’

Space
between
gutter
vertices
(tn.)

21
z

1;

5

31
T

Blocked
ccmbustion-
chsmter
frentalarea
(percent)

53.0

54.6

54.7

38.5

.

—-
“

AU the flameholdersweremountedin the 20-inch-diameter,6-inch-
long sectionshownin f’igure4(a). This sectionwaa insefied
betweenthe Mff user outletand the combustion-chamberinletto
facilitateflame-holderchanges. The igniti.onsystem (fig.4(a))
consisted@ a modifiedaircraftsparkplugthat sparkedto the
side of one of the guttersand a propanegas linethat led to a
built-h pilotburner. The sparkand propanewere shut aff when
the main fuel was ignited.

The gutteranglefor the adjustablethree-gutterflezneholder
(ftg. 5) couldbe variedfrom 0° to 53° duringoperationto give a
variationin the blockedfrontalareafrom 14.2 to 59.5percentof
the combustion-chamberarea. The sidesof the gutterswere mounted
on shaftsthatwere rotatedby the linkageshown in figure5. No
connectinggutterscouldbe put betweenthe guttersas in the
three-Vflameholderspreviouslyinvestigated.A pilotgutterwaa
placedalongthe shellbetweenthe middlesmi lowergutters. The
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pilotflamewas suppliedby propane gas i@ted wtth a modified
airoraftsparkplug. A calibratta ourveof.percentageof blooked
canbustton-ohsmberfrentalarea at variousgutteranglesis given
in ftgure6. The percentageof blookedodlmation-okuiberfrental
areawith the gutter-gridflameholdersts also shown.

Air flow and ccmhstion-ohamber-inletvelooitywere mmpated
frcxnmeasurementsof staticpressure,totalpressure,and indi-
catedtemperatureobtainedwith a surveyrake at the diiYuser
inlet. The fuel flow was measuredby a rotsmeter. ~el teqera-
turesand pressuresweremeasuredat the iqlectornuudfold. The
datawere cakulated by the methodsoutlinpdin refere=es 1 and 3.
For pressureratioscorrespondingto equivalentfree-stresmMmh
numbem seater than 1.00,the total~essnre measuredat the dtf-
fuser inletwas assumedto be the totalpressurethat wouldbe
obtatnedbehinda nozmalshookat $he throatcd’a convergent-
divergentdiffuserof optimumoontraotionratio.

With eaohflqmeholder,the oanbustion-ohamberperformancewas
detemninedover the widestpossiblerange uf fuel-airratio. The
conibustion-ohsmber-inletstatiopressureand the pressfiealtitude
were variedbetweenlimitsimpsed by eitherthe flameholderused
or the pumpingoapaoityof the wind-tunneleduuzstera. Lean and
rich o~rating limitsare shownby the data pointsat the lowest
end highestfuel-airratfos presentedin the curves. The p@ozm-
snce of the adJustablethree-gutterflameholderwas determinedat
gutteranglesfrm 18° to 53°.

The followingsymbolsare used in this report:

f/a

L

M

*P2-3

P

~

T

fuel-airratio

width of gutterat trailingedge,feet

Maoh number

total-press- drop aorossf1- holder,poundsper square
fOot

static pressure,poundsper squarefoot absolute

-O Pr=sue, Wuds per squere foot

velooity,feet per semnd
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11~ ocmibustioneffioienoy,percent

v absolute

P amity,

T ratioof
let to
inlet

Subscripts:

o ambient

NAOARM NO. lElC22 .
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viscosity,pound-seoontiper squarefeat

slugsper oubicfoot

absolutetutaltemperatureat exhaust-nozzle out-
absolutetotaltemperatureat conibustion-ohsniber

#

dr

2 comlnmtion-chamberinlet

3 ccmibustion-chamiberoutlet

RfSW133 AND DISCUSSION

The resultsof this studyshowthe effectsof systmwhic
changesin flame-holdergeanetryon ccmibustion-ohamberptiormance.
Absolutevaluesof combustionefficiencies,operablerangesM
fuel-airratio,andmaximumccunbustion-ohaniber-inletvelocities
obtainedduringthis investigationmy not be applicableto a
flightr= Jetbecause& the differencein inlet-airteqerature
thatwouldbe obtainedin fli@t and the presenoeof a supersonic
Mffuser. The effeotof varyingthe inlet-airtemperatureon
combustionefficienoyis disoussedin r#erenoes 4 =a 5. lTlmle-
holderoharacteristiosc= be determined,however,from the results
of the t~ of investigationreportedherein.

The total-pressure4ropcoeffioients AP2~/~ in tenuscf

the ocmtnzstion-ohauiber-inletdynamicpressurecd?the variousflams
holdersare shownin figure7 for a rangeC& ounbustion-chamber-
inletvelooity V2. These meff icientswere determinedfrun pres-

suremeasurementsaorossthe flameholderswithoutcanbustion,The
pressure-dropcmeffIoientsof the adjustablethree-gutterflame
holderrapidlyinoressedas the anglebetweenthe gutterswas
increasedfrcm 20° to 53°. The total-pressure-dropcoefficient
appearsto be a direct functionof the blookwlareawith seoond.ary
effcots due to flsms-holdergeometry, The trend of AP2~/q2 tith

V2 variedfor the differentflameholdersbut in generalthe
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pressure-dropcoeffiofent
the rangeof V2 of this
tive* constant.

@===dk

d eaohflame-holder
investigationW be

7

oonffgurationfor
considered rela-

Gutter-GridFlameHolders

The operathg limits& fuel-airratio f/a and oombustion-
ohember-inletvelooity V2 for the four gutter-gridflme holdezw

with 15- and 17-inoh-diemetere-uet nozzles=e ~sented in
figure8. The mntours shownwere drawnaroundall the data points
obtainable.Data takenunder ohokingconditionsare shown in the
shadedareas. The two flameholdersthatwere operatedunder
choki~ conditionsblookedmore than 53 peroentof the cabustion-
chamberfrentalarea. Althoughfigure8(a) shows a relation
between T2 and f/a at the blow-out limits,the data are not

sufYicientto indtcatewhetheror not thisrelationis changedby
ohoking.

me approxtite operatingrangesaf f/a and V2 for tie

variousootiigurationsare given in the followingtable:



1-
Gutter- EZbsust- Apprdma
grid nozzle -~
mane outlet ratio f
holder diaueter Below

(in.) chokina

stana-

‘1 17 0.038-0.062
15 ,039- .075

-H-
Three- 17 0. C58-O.053
quarter 15 .0%- .070
scale

Double 17 0.042-0.066
soale 15 .042- .078

1, I

Ibe operable Approximate mazlmum

‘uel+lr ccmMmtion-ahamber-

--i

‘a inlet velocity, T2
Above (ft/see)
Ohokinl?

0.CB8-O.062

I
2ol

.045- .062 141

0.044-0.053

I 162
-------- --- 96

1

----------- 116

Remerka

3teadieet bmmlng of gutter-grid
flame hol.dm; 6-8 foot pale
blue fblIlf3S .

~ rq; ommble - M
f/a too narrow far eaee &
operation.

Burning irregular; blue flames
with Intemlttent Streek! d
yellow.

h.unlng smmth; wide renga cf
operable f/a; maxlmuiu V2
only 118 ft/aec.

The #fee.t d f/a on ~ with the oorreqxmdtng values CU V2 ma cmibusticm-chmiber

temperature-rise ratio T is presentwl in figure 9 for various values & embient-air pres-
sure p. and caibuetlon-chmber-inlet static pressure p2 ulth a 17-inoh-dimmter Maust

nozzle. Data for the fcur gutter-grfd flame holders are presented in figure 9(a) for a p.

of 1450 pounds per square foot absolute at a pressure altitude d 10,(MO feet. The equiva-
lent free-stream Woh number ~ ?xmged frau 0.36 to 0.72 for the rmu-~essure ratka

obtained at this po. The 1.+epaced flame holder would not operate at higher ram-pressure

ratlca thau obtained at a p2 at 1700 puumte per square foot abeolute end a p. of

1460 pads per squwre foot absolute.

. ‘ .



NACARM No. E8C22 - > 9

,-

.

.

The best and the poorestcombustionefficiencieswere obtained
with the double-scaleand the 1.4-spaoedgutter-gridfl=e holders,
respectively.The hi@est valueof T (6.60)was obtainedwith
the double-scaleflaneholderbecauseof the ccnnbinedhigh mnbus -
tion efficiency(78 percent)and high fuel-airratio (0.057)at
which the flameholderwould operate. This flame holderwas unsat-
isfactory,however,becauseof a low V2 limit, whi* prevented

the enginefrom reachingchokingconditions.H@ valuesof
T (6.55)were also obtainedwith the 1.4-spacedflameholderbut
at much higherfuel-airratios (0.077).

The valuesof ~b and T obtainedwith a P. of 970 ??ounti

per squarefoot absoluteat a pressurealtitudeof 20,000feet are
shown in figure 9(b)for the standml, three-quarter-scale,and
double-scaleflame holders. The valueaof ~ rangedfrm 0.60
to 1.09. The 1.4-spacedflame holderwould not operateat the
canbustion-chember-inletpressuresand velocitiesresultlng at
these operatingconditions. .

The operatingrangesof f/a for the stsndardand double-
scaleflameholdersshiftedto somewhat richer m-ures at the V2
obtainedat a P. ot 970 poundsper squsrefoot absolutethanfor

thoseobtainedat a PO of 1450 pmnds per squarefoot absolute ●

(figs.9(b) and 9(a),respectively).Rough oyerationover a narrow
rangeof f/a (0.044to O.052)was obtainedwith the three-
quarter-scale flame holderat a p. of 970 poundsper sqwuw foot

absolute. Approximately the same ~b resulted for all flame

holders at this PO aa at 1450 poundsper squarefoot absolute.

The maximum T of 6.9 (fig.9(b))was obtainedwith the double-
scaleflemeholderat a f/a of 0.066. This flame holdercould
not be operatedat valuesof V2 above 150 feet per secona.

Data obtainedat a PO of 630 poundsper squarefoot absolute

and ~ from 1.22 to 1.43 are presentedin figure 9(c)for the
standardand three-quarter-scaleflsme holders. At thesevalues
of M@ the enginewas chokedat the exhaustnozzle. With the

stsndardflame holder,the operablerange of f/a underfully
chokedconditionswas-
choking(fig.9(b)).
ence 6. The highest

attainedat a PO of

broaderthan at conditionss13ght2ybelow
Similarresults are presentedin refer-
V2 (201ft/seeat = ~b of 50 percent)

630 poundsper squarefoot absolutewaa
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obtained with the standard “flame holder and the 17-inch-dismeter
exhaust nozzle at a f/a of 0.038 and a p2 of 1500 poundsper
squarefcmt.

and

grid

The effectof V2 on ~b and ‘Tat variousvaluesof p.

P2 Is presentedin figure10. Data for the standardgutter-

flaneholderover a wide rangeof T2$ at f/a from 0.043

to 0.047, andwith the 15- and 17-inch-diameterexhaustnozzlesare
shownin figure10(a). As reportedin reference6, at an approxi-
matelyconstantvalueof V2, variationin p2 apparentlyhad no

directeffecton ~b for the range in whichdatawere taken. At a

V2 of 118 feet per second,a reduotionin p2 from 2000 to

1300 poundsper squarefoob absolute,however,is associatedwith
an 8-percentreductionin qb. The valuesof qb decreasedwith

increasingV2 with the 15-inch-dismeterexhaustnozzleand gen-

‘erallyincreasedwith V2 tith the 17-inch-diemeternozzle. At a

v~ of 90 feet per second,the ~ waa 81 percentwith the 15-inch

nozzleand 56 percentwith the 17-inchnozzle. At 140 feet per
second,however,the ?%. was 57 percentwith the 15-inchnozzle

and 70 percentwith the 17-inchnozzle. l%e enginewouldnot oper-
ate at a V, aboveapproximately141 feet per secondwith the

15-inchnoz;le,but couldbe operatedto 165feet per secondwith
the 17-inchnozzle. Tinevariationof T with V2 followedthe

seinetrendas qb becausethe fuel-airratiowad essentially
constant.

Similardata are presentedin figure10(b)for the three-
qusrter-scalegutter-gridflemeholderat fuel-airratiosfrom
0.051to 0.053with a 17-inch-dismeterefiaustnozzle. The trend
of thesecurvesis the sameas thatfor ‘Me stendexdflameholder.
Vlth thisflameholder,however, qb variedonly slightlywith

v, in the rsngefrom 100 to 15CIfeet per second.

Results obtained with the double-scale gutter-gridflsme
holderat fuel-airratiosfrom 0.059to 0.061with both exhaust
nozzlesare shownin figure1O(C). High valuesof ~b (94per-

cent)were obtainedat low valuesof V2 (64.5ft/E!OC),but ~b

droppedvery rapidlyas V2 was increased.



A comparisonof qb for the f’our gutter-gridflameholders

undercomparableconditionsis givenin figure11. The datawere
obtainedwith a 17-inch-diameterexhaustnozzle at fuel-air
ratiosfrom 0.048to 0.052 and for a rangeof p2 frcun1600 to

2000 poundsper squarefoot absolute. Abovea V2 c& 125feet per

secoti,the highest qb (75perceat) was obtainedwith the stand-

ard gutter-gridflameholderat a f/a of 0.050. An imrease in
P2 to 155 feet per second with thisflameholderhad ltttleeffect

on qb. The double-scalegutter-gridflameholdergave the hi@est

~b belowa V2 of 125feet per second;the meXlmumvaluewas

78 percentat a V2 d 111 feet per second. The combustioneffi-

ciencyof thisflemeholder,however,decreasedmarkedlywith
increasingV2. At combustion-chamber-inletvelocities abuve

125feet per second, ~ obtainedwith the three-quarter-scale

flame holderwas only a few percentlowerthan that obtainedwith
the stsn~ flameholder,but operationalcharacteristicssuch as
a narrowrange & operablefuel-airratiosand roughburningcaused
the three-quarter-scaleflemeholderto be unsatisfactory.The
ccunbustion efficiencieswere considerablylowerwith the 1.4-spaced
flameholderthan with the otherflameholdersand the maxinnm
operable V2 was only 117 feet per second.

Inasmuch as theory Indicatesthat the flame speedfor a burner
Q2V$

shouldincreasewith increaaingRemolds number —
P2 ‘

canbustion

efficienciesfor the standard,three-qza’ter-soale,and double-
scalegutter-gridflameholderswere plottedas a functionof
Reynoldsnumberfor threeranges& fuel-airratto (fig.12). The
length L was takenas the width af the gutterat the trailing
edge. Valuesof L for the flameholders- given in table I.
Littlescatterof data is shownin figur= 1?(a)ad 12(b),whioh
have relativelynarrowrangesof pz, in comparisonwith the

scatterin figure12(c)in which l&er valuesaf P2 =e included.

The mop h vb with the double-scaleflameholderat Reynolds

nmibersabove95,000may be due to the fact that no dimensions
otherthanthe guttersizewere scaledor to interferenceeffects
of the combustion-chamberwall.
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Holder

The operablerangeof fuel-airratiowith the adjustablethree-
gutterflameholderwas from 0.068to 0.079. The three-Vflame
holdersused in references1 and 2 were operatedover rangesof
fuel-airratiofrcm 0.025to 0.078and frcm 0.042to 0.097,respec-
tively. The clifferenoebetweenthe operablerangesat the two
flame holdersmay be causedby the clifferenoein combustion-ohember
lengthand the presenceof the plug in the exhaustnozzleor by
slightMff erence in oonstruotion.Operationwith the adjustable
three-gutterflemeholderwas roughat gutteranglessmallerthan

0 burningwas fairlysteady. At a30°; at angleslargerthan 30 ,
gutterangleof 50 , the burnerwas ignitedat a pressurealtitude
of about24,000feet,althoughthe oontrolaP fuel and air flow to
keepthe fuel-airratiowtthinits narrowoperablerangewas diffi-
cult at this altitude. With the gutterengleset at 30°, the
burnerwouldnot lightat pressurealtitudesabove15,000feet.

The range cd?operable V2 at variousgutteranglw for a
fuel-air-ratiorang9of 0.068to 0.079is shownin figure 13. The
minimum@ter angleat whichthe f1- holderwould operate
increasedwith increasingV2 from approximately18° (30peroent
of areablocked)at 98 feet per secondto 40° (49 percentof area
blooked)at 120 feet per second. Ohokingoocurredat approximately
120 feet per secondfor the nozzle-outlet area and the cunbustion-
chsmbertemperatureratiosobtainedwith this configuration.

The cabined effectof fuel-airratio, V2, and gutterqle

on combustionefficiencyfor a p. of 1450 poundsper squarefoot

and a p2 of 1700poundsper squarefoot is

The effectof guttersnglein the rangefrcm

othervariablesbeingfixed,was slightat a
approximately0.0725.

The effectof gutterangleand V2 on

of fuel-airratio is shownin figure15. At

shown in figure14.

=’ to 40° m ~,
fuel-airrattouf

~b at a fixedr-e

a V2 of approxi-
mately94 feet per second,the eftect& gutter~gle on qb in

the rangefra 25° to 52° wsa slight. At a V2 of appro~~tely

108 feet per second,the ~ w considerablylowerfor a gutter

angleof,20°thanfor gutteranglesof 50° and 53°. This differ-
ence is ~esumably dw to the greaterblookedarea at the large
gutterangles.

~-

.

.
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The ~f~t of V2 on ~b at a fuel-~

variousgutteranglesis shown in figure16.

obtained, qb increasedwl.thincreasing V2.

13

ratio of 0.074 for

For the rsnge of V2

The adjustable three-gutter flame holder,which couldbe
adjustedto blookfran 14 to 59.5peroentof the oanbustion-otiber
frentalarea,wouldnot operateat chokingconditionswith less
then49 peroentof the combustion-ohamberfrontalarea blocked.
Likewise,the 1.4-spaoedgutter-gridflameholder,whichblooked
lessthan 50 percentof the ccmibustion-ohemiberfrontal.area, could
not be o~rated under chokingconditions.The gutter-typeflame
holderap~ently must blook approximately50 percentof the
combustion+amber frentalarea in order to operate at choking
conditionsfor the conditions& enginegeometryand inlet-air
temperatureand pressureat whiohdatawere obtained.

smMARY(x RmrJLTs

From an investigationof the performanceM a 20-inch rem Jet
over a range ~ pressure altitudes and equivalent free-streem Mach
numberswith variousgutter-gridflameholde= at en inlet-air
temperatured 20° F +200, the followingresultswere obtained:

1. The standardgutter-gridflame holder gave the best over-
all operationof the flame holdersinvestigated.A combustbn
efficiencyof 50 peroentwas obtainedat the mexinnmcanbustion-
ohamber-inletvelooityof 201 feet per seoondand a fuel-air,ratio
of 0.038with a 17-inch-diameterexhaustnozzle. A conibustion
efficiencyof 75 percentwas obtainedat a ccmbustton-chamber-inlet
velocityof 155feet per secondend a fuel-alr ratio of approxi-
mately0.050.

2. The hi@est ccmbustion effioienoywas obtainedwith the
double-scalegutter-gridflameholder. The canbustion-ohambem-
inletvelocitywas low,however,and operationabovea combustion-
chamber-inletvelocityof 150feet per seoondwas impossible.

3. For the standard,double-scale, and three-quarter-scale
gutter-gridflme holders,plotsof canbustioneffioienoyas a
~unoti& of Reynoldsnumb&-
ratios and narrowrangesat

4. With the adjustable
in gutteranglefrcm 2S to

gave littlescatterfor ftiedfuel-air
ccuibusticm-ohamber-inletstaticpessure.

three-gutterflmneholder,a mwiation
53° had little effect on mnbustion
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efficiency.At a constantfuel-airratio,the greatesteffecton
combustionefficiencywas due to variationsin comMstion-chamber-
inletvelocity.

5. In orderto operateat pressureratioscorrespondingto
supersonicflightspeedsat the conditionsof temperature,pressure,
ccanbustion-chamberlength,exhaust-nozzle-outletdiameter,and
methcdof fuel in~ectionoverwhichtheseexperimentswere con-
ducted,the gutter-t~eflameholdermust apparent~ blockapproxi-
mately50 yercentof the combustion-chamberfrontalarea.

Flight PropulsionResearchLaboratory,
NationalAdvlson Committeefor Aeronautics,

Cleveland,Ohio.
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(a) Plugmountedin 3-footoorobution.
ohambereection.
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.
(b) Plugextendingtbrowh 17~-inoh-dlaueteretiust nozzle. -

Mgure 2. - Plugueed in exhaustnozzleof 20-lnc~ram Jet. C.20800
3.17.48
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c. 15881

. 9.16.46

(a) Standardfl.armholder
mountedIn flam-holder
eectfon.

.

.

..-. ”-—

T;.;::4:
.

(o) Double-maleflame
holder.

(b)

i?
. . . . . ,._. ,

-- 1

21 “

-f
.~

C-16674
9.16.46

,

!l!hree-quarber-ecale
flam holder.

—

--, ---
--== --- -— ----- m

-.

C. 14272
2.13.46

(d) 1.4-?3paoedflame
holder.

F@lre 4. - Gutter-gridflanmholdersused in 20-lnohzam Jet.
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1
Flame holder

o Standard gutter grid
D Three~uarter-soale gutter grid
~ Double-scale gutter grid
A 1.4-spticed gutter grid

— Adjustable three gutter
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Gutter angle, deg

Figure 6. - Percentage combustion-chamberfrontal area blocked-by
five flame holders used in lnvestigatton of 20-inch ram jefi.
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4

1

0
6

Flame holdem

O Standard gutter grid
❑ Three-quarter-scale gutter grid
O Double-scale gutter grid
A 1.4-spaoed gutter grtd
v Adjustable three gutter

Adjustable
flame-holder
gutter angle

v
(deg)

w 53 d
— — — —

&
v

w
v 40

30
T v c v +

v 4 7 * ~ —

=&=

I 100 140 180 220 260
Combustion-ohamber-inlet velocity, V2, ft/sec

Figure 7. - Variation of flame-holder total-pressure-drop
coefficient with combustion-ohamber-inlet veloclty for five
flame holders used In investigation of 20-inoh ram jet.
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a
(b) Three-quarter-scale flame holder;

h chamber-inlet atatio ~eeeure p2, omnbuetion-chamber-inlet etatlo
1200 to 20CQ poundB per square rOOt pressure p2, MYJo to 2000 pounds
absolute.

$
per square foot absolute.
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Cc4matlon-eFmmber+.nlet VBlocity, %, ft/aee

(o) Double -eo$de flame holder; (d~:-~-::ed fLame holder;
oanbnstion-ohamber-inlet atatlo -ohamber-inlet atitio
presewe pg, 12fM to 2000 poonds pressure p2, 1600 to 1700 pounde

P square foot absolute. par square foot abe olute.

P&we 8. - L@ratlng ranges of fuel-alm ratio and ocabuetion—ohambar -inlet veheity for
gutter-grid fltuse holders. 20-inoh ram jet with 5-foot combustion ohamber and 15- and
17-lncJwllameter e-uet noiwles.
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i--i

Gutter-grid Combust!.on-ohamber-
flame holder inlet static

pressure, p2
(lb/sqft abs.)

— O Standard 1900
---- ❑ Three-quarter

aaale 1900
—- O Double scale 1900
—.---A 1.4 spaoed 1700‘% —.- v 1.4 spacedL 1600

A
\\

,

.
-,

v -~. . v

80

70 — —

60

sob
● 03 ,04 .06 .06 .07 ● 08

Fuel-air ratio, f/a

) Ambient-airpressure PO, 1450 pounds per squarefoot;pressure
altitude, 10,000 feet; Mach number MO~ 0.36 to 0.66.

gure 0. - Effeot of’fuel-air ratio on combustion effioienoyand
combustion-ohambertenmerature-rimeratio at various combustlon-

1

.

kmber-inlet velooitl~so W-inch ram jet with 5-foot combustion
ohamber and Iv-inch-diameterexhaust !’IOZZ1O.
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Fuel-air ratk, f\a

(b) Ambient-airpressurePO, 970 poundsper squarefoot;pressure
altitude, 20,000 feet; Mam number ~, 0.66 to 1.06.

F@ure 9. - Continued. Effect of fuel-air ratio on combustion
efficiency and oombustton-ehembertemperature-riseratio at
varioue oombustion~hamber-hlet velocities. Wkineh ram jet
with 5-foot combustion chamber and 17-inoh-iliameterexhauat
nozzle.
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(o)

.03 .04 ● 05 .06 .07

Fuel-afr ratio, f’/a
Ambient-air pressure po, 630 pounde per equarefoot;pre8aure

altltude, 30,000 feet; Maoh number ~, 1.22 to 1.40.

Figure9. - Concluded.Effeotof fuel-airratiQon combustion
•~fieieney●nd oombustlon~hamber temperature-riseratio at
varloue combustion-ohanber=inletveloolties. 20-inch ram jot
with 6+oot combustion chamber and l’7-inch-dlamaterexhaust
nozzle.
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(a) Standard gutter-gridflame holder; fuel-air ratio, 0.043 to 0.047;

15- and 17-inah4iameter exhaust nozzle8.
Figure 10. - Effect of combustion-chamber-inletvelocity on combustion
effioienoy and combustion-chambertemperature-riseratio at varlou8
eombwtion-ohamber-inlet and tunnel embient-airpressures. 20-inch
ram jet with S-foot combustion chamber.
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Ambient-air
& pressure, PO

r

(lb/sqft abs:)

o 1450
970

: 630

I I I —
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v WI L I I # 1 I 1 1 1 1 I 1 I

60 80 100 120 140 160
Combustion-chamber-inlet veloclty, V2, ft\eec

(b) Three-quarter-scale gutte~grid flame holder; fuel-air ratio,
0.051 to 0.053; 17-inch-dkmeter exhaust nozzle.

Figure 10. - Continued.Effectof combustion-ohamber-inlet
velocityon oombustlonefflolencyand combustion-ohamber
tiemperature-rlaeratioat variouscombustion-ohamber-inleli
and tunnelambient-airpressures.20-inch ram jet with
5-footcombustionchamber.
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C~bustlon-ohamber-inlet velocity,V2, ft/sec

Double-scale gutter-grid flame holder; fuel-air ratio, 0.059
to 0.061; 15- and 17-inch-dhmeter exhaust nozzles.

Figure 10. - Concluded. Effeot of combustion-chamber-inlet
velocity on combustion efficiency and combustion-chamber
temperature-rise ratio at various combustion-chamber-inlet
and tunnel ambient-air pressures. 20-inch ram jet with
S-foot combustion chamber.
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Gutter-grid
flame holder

—o Standard
---- Three-quarter scale
—-: Double #eale
—-. a 1.4 spaoed
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Figure 11. - Variation of combustion efficiency with combustion-
ohamber-inletvelocity, for gutter-grid flame holders. 20-inch
ram jet with 17-inch-diameter exhaust nozzle; fuel-air ratio,
0.048 to 0.052; combustion-ohamber-inlet static pressure, 1600
to 2000 pounds per equare foot abeolute.
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ta) Fuel-air ratio, 0.0420 to 0.0445; combustion-chamber-inlet
~ atatlc pressure, 1598 to 1908 pounds per square foot.
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0 0

/ - C3utter-grid
flame holder ,

0 Standard
n Three-quarter scale
0 Double scale

*
: (b) Fuel-air ratio, 0.0480 to 0.0520; combustion-chamber-inlet
e static pressure, 1703 to 1992 pounds per squarefoot.
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(c) Fuel-air ratio, 0.0523 to 0.0555; combustion-ohamber-inlet
atatlc pressure, 1310 to 1994 pounde per square foot,

103

Figure 12. - Variation of combustion efficiencywith Reynolds
number for standard, three-quarter scale, and double-scale
gutter-grid flame holders. 20-inch ram jet with 5-foot
combustion chamber and 17-inoh+Mneter exhaust nozzle.
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Figure 13. - Range of operable combustion-chamber-inletveloolties
for adjustablethree-gutterflame holder. 20-inoh ram jet wtth

5-foot oombustlonchamber and 17&inch-diameter exhaust nozzle
with + inoh-diameternozzle plug for fuel-air ratio range of

0.068 to 0.079.
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Figure 14. - Effect of fuel-air ratio on combustion efficiency with
adjustable three-gutter flame holder at various gutter angles and
combustion-chamber-inlet velocities. 20-inch ram jet with 5-f’oot
combustion chamber and 17~-inch-diameter exhaust nozzle with ~-

inch-diameter plug; ambient pressure, 1450 pounds per square foot
absolute; combustion-chamber-inlet static pressure, 1’700pounds
per square foot absolute.



38

.

NACA RM No. E8C22

Gutter angle, dog

Figure 15. - Effect of gutter angle on combustion efficiency and
combustion-chambeP temperature-rice ratio with adjustable three-
gutter flame holder at various combustion-ohamber-inlet velocities.

20-inoh ram jet with 5-foot combustion chamber and 17&inch-

diameter exhaust nozzle with ~-inch-diameter plug; fuel-air ratio,

0.072 to 0.078; combustion-chamber-inlet static pressure, 1500
pounds per square foot absolute.
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Combu8tlon-chamber-inletvelooity, V2$ ft/sec

Figure 16. - Effect of combustion-ohamber-inletvelocity on
combustionefficiency with adjustable three-gutterflame holder
at gutter angles from 30° to 52°. 20-inch ram $et with 5-foot

combustion cha~er and l&in*-dtameter efiust nOzzle ‘ith
l+inoh-diameter plug; fuel-air ratio, 0.074; oombustion-

chamber-inlet static pressure$ 1800 pounds per square foot
absolute.


